The morphology of the vertebrate skeleton exhibits tremendous plasticity in evolution, allowing adaptation to a wide variety of ecological niches and lifestyles. Indjeian et al. now uncover how the cis regulation of a gene controls skeletal variation in fish and might have contributed to the evolution of bipedalism in humans.
The complex morphologies of adult animals are the result of elaborate developmental programs that rely on a limited number of signaling pathways. How such a vast profusion of animal shapes is generated during evolution with a limited and constrained gene toolbox remains poorly understood. Accumulating evidence indicates that selected developmental genes are knobs that can be tweaked by mutation of their cis-regulatory elements, resulting in the production of important phenotypical variation (Orgogozo and Stern, 2009 ).
Most classical model organisms used for genetic studies have been selected for their restricted morphological variation and thus have been of limited use to identify the genetic basis of evolutionary variation. To overcome these limitations, alternative genetic models such as the stickleback fish, which offers more phenotypical diversity, have been recently introduced (Jones et al., 2012) . The recent melting of the glaciers 10 to 20 thousand years ago led to the isolation of many stickleback populations that independently evolved different bone structures important for defense or feeding, thus providing a better adaptation to their new niches. Both marine and freshwater stickleback ecotypes exist, and the genome of several of these populations has been sequenced. Importantly, these populations can still be crossed in the laboratory, allowing the implementation of genetic studies such as quantitative trait loci (QTL) analysis to explore the basis of variation of morphological traits. Such analyses have already revealed the importance of modification of cis-regulatory elements of key developmental genes such as Eda in the variation of size and number of structures such as armor plates (O'Brown et al., 2015) . In this issue of Cell, Indjeian et al. (2016) report the use of QTL analysis combined with sequence comparison of marine and freshwater sticklebacks fish to identify a small cis-regulatory region involved in the control of armor plates' size and length, which leads the authors to a surprising series of observations and questions (Figure 1) .
The cis-regulatory region uncovered by Indjeian et al. acts as an enhancer of the growth factor GDF6 (also known as BMP13). Together with GDF5 and GDF7, GDF6 identifies a subfamily of bone morphogenetic proteins that shares extensive sequence homology and plays an important role in various aspects of skeleton development such as joint formation (Settle et al., 2003; Storm et al., 1994; Wang et al., 2015) . They show that, in freshwater sticklebacks, the GDF6 armor plate enhancer sequence is disrupted by the insertion of a LINE transposon, resulting in an upregulation of the expression of GDF6 compared to marine sticklebacks. Crosses between freshwater and marine sticklebacks confirm that the freshwater transcript is more highly expressed than the marine one. Moreover, injection of a green fluorescent protein (GFP) expression vector in stickleback fertilized eggs leads to fluorescent protein expression in the flank only when GFP expression is driven by the freshwater enhancer, but not by the marine armor plate enhancer. Finally, they generate transgenic marine stickleback fish expressing GDF6 driven by the freshwater enhancer and show that these fish display significant armor plate reduction, resembling the freshwater population. Together with observations in mice and humans showing that loss of function of GDF6 can also alter skeletal development, their data suggest that correct local regulation of the GDF6 expression levels is important for skeletal morphogenesis. Like several other genes of the BMP family, GDF6 regulation is very complex, involving enhancers that populate nearby gene deserts over very large distances (Pregizer and Mortlock, 2009) . BMP family members have been implicated in the regulation of important phenotypic traits such as beak shape in Darwin's finches (Abzhanov et al., 2004) . These genes are particularly important for the development of the skeleton and thus constitute ideal substrates for cis-regulatory modifications generating morphological variations.
By analyzing the evolution of the regulatory sequences of GDF6 during evolution, Indjeian and colleagues further notice the existence of a region adjacent to the gene that is highly conserved in chimpanzees and other mammals, but not in humans. When coupled to a LacZ reporter, this region is able to drive expression in the lower body and hindlimbs, but not in the forelimbs of transgenic mouse embryos. Tracing the lineage of the LacZ-expressing cells in the hindlimb shows that they contribute mostly to posterior digits. To further evaluate the role of GDF6 in the control of limb morphology in mammals, they analyze the size and shape of hindlimbs in mouse GDF6 null mutants and observe a reduction in digit length compared to wild-type. Thus the region identified acts as a GDF6 cis-regulatory enhancer controlling hindlimb expression, which has been deleted in humans. Hominins separated from chimpanzees around 5 to 8 million years ago, and one major innovation of this new lineage is the acquisition of bipedalism (Harcourt-Smith and Aiello, 2004) . This transition implied a series of specific modifications of the hominin foot, including a reduction of length of posterior toes and loss of an opposable hallux to provide better adaptation to upright walking. The work from Indjeian and colleagues suggests that aspects of this important transition in human history might be explained by the loss of this GDF6 hindlimb enhancer. 
